Between 2007 and 2009, active surveys were conducted on backyard poultry (chickens, guinea fowls and ducks) in four areas of Côte d'Ivoire, including two areas where avian influenza H5N1 outbreaks occurred in 2006. Each bird underwent clinical examination. In total, 5,578 sera, 4,580 tracheal swabs and 5,120 cloacal swabs were collected, plus tissues from 35 sick chickens. Using the haemagglutination inhibition (HI) test, 277 and 36 serum samples were positive for H5 and H7, respectively; all were negative for H9. All samples were negative by reverse transcription polymerase chain reaction. These results confirm the circulation of H5 and H7 influenza subtypes in backyard poultry in Côte d'Ivoire. Given that the seropositive birds were healthy, the circulating subtypes may be low pathogenicity avian influenza strains. Half (2,680) of the sera collected from chickens were tested by HI for Newcastle disease virus (NDV) antibody: 531 were positive. The seroprevalence of 19.8% confirms the endemic status of NDV, but may underestimate its true prevalence in Côte d'Ivoire.
Introduction
Avian influenza (AI) viruses belong to the Influenzavirus A genus, family Orthomyxoviridae (8) . They are classified into various subtypes on the basis of the antigenic properties of two surface glycoproteins that are associated with virus attachment and cellular release, namely the haemagglutinin (HA), with 16 subtypes (H1-H16), and the neuraminidase (NA), with nine subtypes (N1-N9) (5, 7, 15) . The viruses can be divided into two distinct groups, based on their ability to cause clinical disease in susceptible birds. The first group comprises highly pathogenic avian influenza (HPAI) viruses, which cause severe disease in domestic poultry, resulting in millions of deaths in birds throughout the world. Outbreaks of HPAI inflict major economic damage on the poultry industry (2, 3, 6) , and also on backyard poultry flocks. These viruses are restricted to subtypes H5 and H7; however, not all viruses of these subtypes cause HPAI (2) . The second group comprises low pathogenicity avian influenza (LPAI) viruses, which produce a milder disease with respiratory signs, depression and problems with egg production (2, 9) . In 2006, HPAI H5N1 was detected in seven African countries (Nigeria, Egypt, Niger, Cameroon, Burkina Faso, Côte d'Ivoire and Djibouti), and in 2007 it was detected in three more countries (Ghana, Togo and Benin). Most of the reported cases occurred on backyard poultry farms, except in Nigeria and Egypt where layers and broilers from the poultry industry were predominantly affected.
Between April and November 2006 there were 12 cases of H5N1 in Côte d'Ivoire: 11 in free-range poultry and one in a wild sparrow hawk (Accipiter nisus) (4) . Since that date, a surveillance programme has been implemented to detect cases of AI in the country.
Clinical examination and sample collection
Each bird (chicken, guinea fowl or duck) was clinically examined for signs of disease before sampling. Blood samples were obtained from a minimum of 30 birds per village and processed to yield serum. Tracheal and cloacal swabs were also collected from the same birds. A total of 5,578 serum samples, 4,580 tracheal swabs and 5,120 cloacal swabs were obtained (Table I) . Serum samples were stored at -20°C and swabs at -80°C until used for analysis.
Twenty-six and nine sick birds from the northern and western regions respectively were slaughtered, and tissue samples were collected at post-mortem examination. These tissue samples were stored at -80°C until processing.
Serological testing
Haemagglutination/haemagglutination inhibition test for avian influenza and Newcastle disease Processing of swabs and tissue samples, and RNA extraction
The tissue samples, and tracheal and cloacal swabs, were processed as described previously (10, 13) . The procedure for RNA isolation was as recommended by the manufacturer, using the RNeasy mini kit (Qiagen, Germany). The RNA was eluted in 50 µl of nuclease-free water and 10 µL was used as the template for the reverse transcription polymerase chain reaction (RT-PCR).
Primers, single-stranded complementary DNA synthesis and conventional polymerase chain reaction technique Different sets of primers (Table II) were used for the detection of influenza A virus subtypes H5, H7 and H9 (10, 12, 14) .
The present study was based on an active surveillance programme, which principally targeted backyard poultry. The main objective was to determine the circulation of H5, H7, and H9 virus subtypes in the local avian populations. In addition, a seroprevalence study of Newcastle disease virus (NDV) was conducted in the same population.
Materials and methods

Animal sampling sites
Since the first outbreak of avian influenza virus (AIV) in Côte d'Ivoire in 2006 (Fig. 1) , the surveillance of poultry farms and backyard poultry by livestock farmers has been strengthened all over the country. For this study, samples were taken from 50 randomly selected villages in four regions: 15 in the southern region, which is the biggest large-scale poultry production area in the country; 15 from the eastern region, which has a border with an infected country and is the second largest poultry production area in the country; 15 from the northern region, which has a border with an infected country (Burkina Faso) and 5 from the western region, where an H5N1 positive case was found in 2006. The selected villages were not involved in vaccination programmes against AIV or NDV. . The manufacturer' s protocol was followed, using the random primer pdN (6) provided.
Following this, 5 µl of the RT product was used as a template for the PCR in a 200 µl thin-walled tube. The conventional PCR was carried out with the Gene Amp PCR system 2400 (Perkin-Elmer) using a reaction mixture (50 µl) as previously described (4, 10, 14) .
Results
Clinical signs in selected poultry
All birds were examined for clinical signs prior to sampling. In 6 out of 15 villages in the northern region a , of a total of 150 chickens, with inappetence/depression and nasal discharge; 9 sick individuals were slaughtered. The remaining sampled poultry were apparently healthy and no case of recent mass mortality of poultry had been reported within the two months before the investigation (Table III) .
Serological testing
Antibodies against H5, H7 and H9
From a total of 5,578 serum samples collected throughout the country and analysed by the H5 HA/HAI technique, 277 sera (5%) from 32 villages were positive, with titres ranging from 1/16 to 1/1,024. With regard to H7, 36 sera (0.6%) from 26 villages were positive, with titres ranging from 1/16 to 1/64. No serum sample was positive for both H5 and H7. All 5,578 serum samples were negative for H9 antibodies. The detailed breakdown of positive cases is shown in Table III .
Detection of antibodies against Newcastle disease virus
Of a total of 2,680 serum samples collected from backyard chickens, 531 (19.8%) were positive, with titres ranging from 1/16 to 1/1,024 (Table III) . Positive samples were found in all four regions and throughout the study period.
Reverse transcription polymerase chain reaction
Using the RT-PCR technique with specific sets of primers for H5, H7 and H9, tissue samples from 35 sick chickens, in addition to 4,580 tracheal swabs and 5,120 cloacal swabs, were analysed. All the samples were negative with all three primer sets (Table III) .
With regard to the sick chickens, samples from 25 out of the 35 individuals were NDV positive (data not shown).
Discussion
The H5N1 HPAI virus was detected in Côte d'Ivoire in 2006, and from April to November 12 outbreaks were confirmed. They involved mainly backyard poultry flocks (11/12 cases); a twelfth case was found in a wild sparrow hawk (Accipiter nisus) (4) . Since that date, the Veterinary Services, along with the National Laboratory for the Support of Agricultural Development/Central Laboratory for Animal Diseases (LANADA/LCPA) in Bingerville, have strengthened field surveillance for AIV. Actions have been implemented to increase public awareness and to train field staff in areas such as the recognition of clinical signs and control measures to be taken. For modern farms, biosecurity measures have been upgraded on and around the farms. As yet, no case of influenza has been recorded in poultry in this type of production system in Côte d'Ivoire.
This active investigation, focused on backyard poultry flocks, was based on the authors' previous findings. Subtypes H5 and H7 were found in three of the four The tissue samples collected at post-mortem examination from sick birds, and the tracheal and cloacal swabs, were negative by RT-PCR. This confirmed the absence of actively circulating HPAI viruses in the free-ranging poultry in the villages surveyed. All 5,535 chickens, ducks and guinea fowls (5,578 minus 43 sick chickens) from which serum samples were obtained were healthy and showed no clinical signs at the time of sampling. In addition, the owners of the poultry did not report any outbreaks of mass mortality before the present study. The results from the active surveillance in backyard poultry indicate that H5 and H7 LPAI strains are circulating in free-ranging poultry flocks in these regions. These findings are of importance because LPAI strains can mutate to HPAI strains (1, 13). Therefore, the surveillance on backyard poultry farms needs to be reinforced all over the country, with an additional goal of isolating circulating AIV strains in order to confirm the presence of LPAI and allow further studies on the characteristics of the virus strains.
After the detection of H5N1 in Côte d'Ivoire, the Ministry of Agriculture decided to introduce vaccination. However, the vaccination programme did not cover the entire country and the active surveillance in the current study did not involve any vaccinated poultry populations. Therefore, the serological detection of H5 and H7 in healthy poultry indicates the natural circulation of LPAI strains.
This study also provided an opportunity to determine the seroprevalence of NDV, which is known to be endemic in Côte d'Ivoire and is not subject to countrywide control measures. Annual outbreaks are mainly observed during the rainy season (July to August) and during the dry cold season (December to February), which is the harmattan period (Couacy-Hymann, unpublished observations). Newcastle disease remains the major disease affecting freerange poultry production, but this is not the case in modern farms, where vaccination against NDV is adequately implemented (Couacy-Hymann, unpublished observations). The 19.8% seroprevalence rate found in this study clearly shows the importance of this disease in backyard poultry flocks. (This seroprevalence rate is probably lower than the actual rate, but it is not possible to know for sure because there are very few reports from owners of free-range poultry and there is no reporting system at national or regional levels.) In addition, samples were taken from 35 out of the 43 sick birds, and 25 of them were NDV positive using RT-PCR (data not shown). This finding emphasises the need to pay more attention to Newcastle disease, the control of which could improve farmers' livelihoods. 
